The effects of chronic instrumentation on regional myocardial performance and regional myocardial blood flow were studied in 8 mongrel dogs. Regional segment lengths were measured by an ultrasonic dimension gauge technique at two areas of the left anterior descending coronary artery (LAD) and left circumflex coronary artery (LCX). Regional myocardial blood flow was measured by a tracer microsphere technique. These measurements were repeated while the animals were conscious on the 4th, 11th, 21st and 28th days after instrumentation.
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Regional myocardial blood flow Ultrasonic dimension gauge technique Radioactive tracer microsphere Conscious dog LTHOUGH fundamental findings in cardiology have been obtained in studies using in vitro or anesthetized open-chest experimental models, recent advances in sensor technology have prompted its application to experiments in conscious animals.1) With the development of miniaturized devices for measuring blood pressure, flow and/or regional wall motion, serial studies of cardiac performance and/or myocardial blood flow have been conducted in cases with cardiac hypertrophy,2) myocardial infaretion3) and collateral vessel development.4),5) Along with hemodynamic recordings, regional myocardial blood flow was also successfully measured using a tracer microsphere technique.6),7) However, recent observation of the loss of tracer microspheres from the necrotic myocardium8) has taught us the importance of careful evaluation of methods applied in chronic animal experiments. Therefore, before conducting repeated measurements of regional myocardial blood flow and/or regional wall motion in studies such as those examining collateral vessel development, not only the long term reproducibility of the hemodynamic measurements made with implanted devices, but also the biological changes induced by the instrumentation or lodging of microspheres should be evaluated. Until now, no such critical evaluation of the models and methods applied to chronic animal experiments has been performed.
Thus, in the present study regional myocardial wall motion and regional myocardial blood flow were measured in conscious animals repeatedly over a period of 4 weeks after the instrumentation and the applicability of the technique to chronic studies was tested.
METHO
Eight adult mongrel dogs weighing 15-23Kg were anesthetized with intravenous sodium-pentobarbital (20-25mg/Kg) and ventilated with a Harvard respirator through an endotracheal tube. A left thoracotomy was performed under sterile conditions through the 4th intercostal space and the pericardium was opened. The left circumflex coronary artery (LCX) was dissected free near its origin and a hydraulic cuff occluder and a miniaturized 10MHz Doppler flow probe9) were placed around the artery. Polyvinyl chloride catheters, 3.5mm in outer diameter, were inserted into the aortic arch via the left internal thoracic artery for collecting reference blood samples, in the left atrium for the injection of radioactive tracer microspheres Schematic representation of the experimental preparation of the dog. The left and right panels show two pairs of ultrasonic dimension crystals positioned in the subendocardium for the measurement of regional myocardial segment length and its systolic shortening; one pair is in the LAD and the other in the LCX region. A Doppler flow probe and a hydraulic cuff oecluder were placed on the left circumflex coronary artery. A catheter for measuring left ventricular pressure was inserted into the left ventricular cavity through the apex. For the purpose of measuring regional myocardial blood flow, a catheter for tracer microsphere (TM) injection was inserted into the left atrium, and a catheter for collecting reference blood sample was positioned at the aortic arch through the right internal thoracic artery.
(TM) and into the left ventricular cavity through the apex for monitoring left ventricular pressure. Two pairs of 5MHz piezoelectric crystals (2mm in diameter) were implanted close to the endocardium in the "hoop axis" of the left ventricle (Fig.1) .
One was placed in the area perfused by the LCX and the other in the area perfused by the left anterior descending coronary artery (LAD). In all 8 dogs signals from these devices were electronically stable in amplitude and tracings of wall motion were recorded over a period of 4 weeks. Three catheters, a cuff oecluder and coated copper-wires from a Doppler flow probe, as well as the piezoelectric crystals were brought out on the back of the neck through a subcutaneous tunnel . Each catheter was filled with heparin at a concentration of 1000U/ml . Following surgery, each animal received procaine penicillin-G (1 million units per day) and streptomycin sulfate (0.3Gm per day) intramuscularly for 3 days .
Studies were conducted on the 4th, 11th, 21st and 28th days after surgery. On the day of the study the dog was brought to the laboratory, morphine chloride (10mg) was injected subcutaneously and the dog lay quietly awake on its right side. The arterial and left ventricular catheters were connected to pressure transducers (model P23Db , Statham Instruments Div., Gould Inc., Oxnard, Calif.). Leads from the ultrasonic crystals were con -Jpn. Heart J. March 1985 nected to the ultrasonic dimension gauge and continuous measurements of all hemodynamic variables were then made . Throughout the studies the laboratory was kept quiet and stimuli which might excite the animal were avoided. The hemodynamic recordings and the injection of tracer microspheres were performed only after a steady state had been achieved . Left ventricular pressure, phasic coronary blood flow, regional wall motions at the LAD and LCX areas and electrocardiogram were recorded on a multichannel oscillograph (San-ei, model 2G-48) and were stored for subsequent analysis on magnetic tape using a FM data recorder. Measurements of regional myocardial blood flow were made by means of randomly selected serial injections of radioactive tracer microspheres 8-10 micrometer in diameter labelled with gamma-emitting radionuclides , 141Ce, 51Cr , 85Sr and 41Sc (3M Co., St. Paul, Minn.). Each microsphere was obtained as 1.0mCi in 10ml of 10% dextran and one drop of 0.05% Tween 80
(polyoxyethylene sorbitan mono-oleate). The microspheres were diluted in 10% low molecular weight dextran so that 1ml (the volume injected) contained approximately 10 million microspheres. Before each injection, the microspheres were thoroughly mixed for at least 5min using an ultrasonic agitator. One ml of the microsphere suspension was injected into the left atrium over a 10sec interval via the previously implanted left atrial catheter and flushed with 5ml warm saline. A reference arterial blood sample was collected from the aortic catheter at a constant flow rate of 6ml/min using a withdrawal pump for 90sec beginning 10sec before each injection of microspheres. Variables such as ECG, left ventricular pressure, its first derivative and regional wall motion were continuously recorded during the injection.
Measurements of myocardial blood flow were made on the 4th, 11th, 21st and 28th days after operation. At the completion of the study, the dogs were sacrificed by the intravenous administration of potassium chloride (20%, 10ml). The heart was removed immediately and the aorta, pericardial fat, large surface vessels and atria were dissected from the heart. The left ventricular free wall (LVFW) was divided into 30 blocks, the interventricular septum (VS) into 13 blocks and the right ventricle (RV) into 15 blocks (Fig.  2) . Each tissue block of the LVFW and VS was divided into three equal transmural layers from the epicardium to the endocardium and from the LV side to the RV side, respectively. Tissue blocks of the RV were sliced into two layers from the endocardium to the epicardium. Each tissue sample was weighed and placed in a counting tube. Ten % buffered formalin was added to preserve the tissue for later histological study. The radioactivity in each myocardial sample and reference blood sample was counted using a gamma spectrometer (Picker Co., USA) at a window setting selected to correspond to The left ventricular free wall (LV) was divided into 30 blocks as indicated by dashed lines. The area illustrated by oblique lines was considered to be regions perfused by the left anterior descending coronary artery (LAD). The dotted area was the representative sampling site for the LCX area. The procedure to identify the LCX area is explained in the text. The interventricular septum (VS) was divided into 13 blocks and the right ventricle (RV) into 15 blocks. Each block of the left ventricle and ventricular septum was sliced into subendocardial (or RV cavity side), middle and subendocardial (or LV cavity side) layers. Each block of the right ventricle was sliced into two layers. Note that regional shortening was decreased on the 4th day, probably due to the residual effects of recent surgery and anesthesia. 
RESUL
Representative tracings of the left ventricular pressure , its first derivative and regional segment lengths at the LAD and LCX areas recorded in a conscious stable state are reproduced in Fig.3 . The responses were directionally similar in all 8 dogs and a summary of hemodynamics and regional segment function in the 8 dogs is presented in Table I and of regional myocardial blood flow in Table II. A. Serial hemodynamic changes In the conscious stable state, the heart rate after instrumentation was 109 beats/min on the 4th day and tended to decrease thereafter . No significant change in left ventricular systolic pressure and left ventricular end-diastolic pressure was observed during the entire experimental period. Peak positive dP/dt and peak negative dP/dt tended to increase gradually from the 4th to the 21st day, but these changes were not statistically significant. B. Serial changes in the end-diastolic segment length and systolic shortening rate
The end-diastolic segment length in the LAD tended to increase from 10mm on the 4th day to 11.1 and 11.0mm on the 11th and 21st days, respectively and decreased to 10.9mm (N.S.) on the 28th day. The segment length in the LCX was fairly constant and slightly less than 10mm on the average after the 11th day. Regional shortening of both the LAD and LCX area tended to increase in % shortening after the 4th day. This was marked on the LCX segment, however, these changes were not statistically significant. C. Regional myocardial blood flow and distribution The average transmural flow in the LAD area of the LV free wall was 1.14, 1.15, 1.12 and 1.07ml/min/Gm on the 4th, 11th, 21st and 28th days, respectively. The average transmural flow in the LCX area was 1.24, 1.17, 1.12 and 1.01ml/min/Gm on the 4th, 11th, 21st and 28th days, respectively. Thus, there were no significant differences in total regional myocardial blood flow during the 4 weeks after the instrumentation or between LAD and LCX areas. Regional myocardial flow in the VS and RV was fairly constant during the 4 weeks, ranging from 1.18 to 1.03ml/min/Gm and from 0.71 to 0.65 ml/min/Gm, respectively. The endo/epi ratio, as an index of transmural distribution of regional myocardial blood flow, was quite similar in the VS, LV and RV.
To elucidate the influence of adhesion and fibrosis of the epicardium induced by open chest surgery and instrumentation on flow distribution, the ratio of the epicardial blood flow in the LV free wall to that of the VS was examined serially and compared with a ratio of transmural flow in the LV free wall to that of the VS, where the VS was free of fibrosis and adhesions. As shown in Fig.4 , the ratios of regional flow in the epicardial or transmural regions to that in the VS were almost unity and fairly constant during serial measurements of flow, despite the presence of significant fibrosis seen at sacrifice. At the 4th day, flow ratios of the epicardial and transmural regions of the LCX area to the VS were significantly higher (p<0.05) than those of the LAD area.
During the 4 weeks of the study, regional myocardial blood flow to the LCX and LAD was fairly constant, ranging from and 1.01 to 1.24ml/min/ Gm, while % shortening was also stable after the 11th day. There was some decrease in peak LV dP/dt and regional % shortening at the 4th day which, however, did not accompany a reduction in regional myocardial blood flow.
DISCUSSI
Several reports have documented the changes in regional myocardial blood flow or regional myocardial segment length during the evolution of myocardial necrosis.7),8),10) Repeated measurements of regional myocardial blood flow and segment length in each dog facilitated highly sensitive analyses on a smaller number of animals due to the cancellation of intra animal variations. However, several potential errors remain to be solved in such serial studies of the chronically instrumented animal and a recent documentation8) of microsphere loss from the necrotic myocardium emphasizes this.
We enumerated the problems of chronic experiments on the instrumented animal as follows: 1) when can we obtain stable hemodynamic recordings after the anesthesia and surgical procedure? 2) can we measure reproducibly regional myocardial blood flow and regional wall motion for a month? 3) do adhesions induced by opening the chest and subsequent instrumentation modify the regional myocardial blood flow and regional myocardial systolic performance? 4) does chronic instrumentation of the coronary artery result in regional underperfusion and regional dysfunction?
In the present study, until the 4th day heart rate was relatively higher and LV dP/dt was lower than the data recorded after the 11th day . This might be attributed to the effects of recent operation and anesthesia. After Jpn. Heart M arch 85 the 11th day, resting regional myocardial blood flow and regional shortening were fairly constant along with low heart rate. Therefore, as long as the resting conditions were maintained, we were able to obtain fairly constant levels of regional myocardial blood flow and regional shortening for 4 weeks.
Fibrosis and adhesions on the epicardium were invariably observed when the heart was removed at the end of the study. Nevertheless, the flow ratio of the left ventricular free wall compared to that of the interventricular septum was unchanged and regional shortening was not disturbed during the 4 weeks.
Thus, the effects of fibrosis and adhesions on the epicardium did not seriously modify the repeated measurements of regional flow and wall motion. 
